cbgLmJUoJI 4>LuJjoJI ,_y9 JjluULO 



OjJ^i.nl.A 1 1 <V>LuUUoJI ^j9 JjLuUUO 

J>Wj ' (20.0 m) j*> Jaj^iJl llf! (y^V 1 d>W 61 H^ 1^ ' (93.75 m) ^> £tia Jj23! 6- Hj& ^ <J*£ -1 

>£J] yijSaJl Jjtll t-^l (20.01 m) <J yMaJl 

•lit jLii ,-S 4 A t '•*■" i al '."* '^* j ^-iSij vi—tLaJl <j-a jj (jllilil <j-4 <jj-£j <ji t>l-3uj * j«lLuJl (j^iblli Jaj^uil - <*■"■ aj 

.USai oil AjjJtuai «Jj.ilJl f Ij^Jl 

True length = 93.75 * — — = 93.7968 m 

20.0 

^jaijj yjjSaJ! JjkJ! <_im<&| . (88.50 m) o^l -laaJl Jj^ 6^J ' JiJ^I <> <>^ j^' <> ^JSe ^^ -2 
.dilik <> lf«jii Uj (20.0 cm) j* ^Sc <JS Jjlaj t(20.0 m) j* jrij^ <-ijj*-Ail Jj^lj to*^' <> O j ' ^iK' 



19.80 m = 20.0 - 0.20 = jiJ^U J£*l\ Jj^l < 20.0 m = j*>»U «—#! JjW 



true length = 88.50 * — — = 87.615 m 

20.0 






yijiaJl JjJail £)l fJe IJLi t(656.0 m 2 ) 4aI*-_»J| dilia (30.0 m) 4-1 jJa J*J>" f I«1»2-uAj <jiaji 4aIuw» IluijI _3 

.u^j^l ^ <u °' 4jL5aJI ^UJi jAjli (29.99 m) j* iajj^ii 



2 (j^aJl jl jgj^U ^jjbjl Jjkjj) 



2 



True area = 656.0 * 



(jsO^JI ji Ja^ ^yi djW) 



9Q 99V _ 

— — = 655.562 m 2 . 
30.0 J 






;4>J jj ^UajJb 4iU <jijl ^yifr (j^iLjUt jc gjlill LkaJl ^ja-yalj 5i^*Jl Jill -4 
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E (Correction) 



2.n' 



JaJl 



Or the Horizontal distance (H) = L . cos 9 



5iLuL4il l £ua. i:n (o^j^l <J*« J) jl^V 1 ^>J J 




Y^jjljll Jjull) L-ljj-tiiall (_3j3 AJV^J -L 



Data is the inclined distance (L), and level difference (V). 
Assume that L 2 = V 2 + (L-E) 2 , where E is the correction value. 



E = L 



V 2 V 4 ^ 



2.L 8.L 3 



E- V - + V ' 



2.L 8.L 3 



ls liL>l\ JjLlI j- (5.0 cm) ^J^l j'-^ <jl£j (100.0 m) <?i= u 1 ^ (20.0 m) ^> <-r^ i> -^>^ -^ o^ -5 
(9*10" J«t>ai .u-3 cUl^j (20.0 °C) SjjU-11 »U^j (18.0 °C) o-^ 1 ^ S .W Vj J <-^j (20.01m) ^j^ 

.JaiJl ^gljSaJl JjUl i-mia.1 (60 °) -^JJ^I J^» 4jJ* jj '^t)J^ ^?-J j <J^ ? ) 



H = D 

Where: 



8.S 2 32.S' 



3D 15.D' 



.jajj^j £ >JA>JJl ftJA^ajJ a <■*■"■■" ^ijjl 4Jfcl*Jl -1 



H 
D 

S 



Horizontal distance 

length of the measuring tape 

sag of the tape 
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„ „ TT 8.S 2 32.S 4 
E = D-H = + 



3D 15.D 3 



Correction of sag: 



•<UJlfcaJl (\a >J^>iil <>4 gwliil UaaJl uLui& <j^aj ^JUiiLij 



.Ija jjsu-a Os? 4jjbu»Jl <j-« /jj^l -^1 JU&I <jl4Jj 



8*(0.05) : 
3*20.0 



0.033 cm. 



E=a.H(d l -d) 

Where: 

E 

a 
di 
d 

E = 9*10" 7 * 



Correction due to temperature change 
coefficient of thermal expansion 
degree of temperature at measuring 
degree of temperature at calibration. 



;sjlj=Jl A^jJ eJiXi.1 qa jjljll IkiJl -2 



: jft\£ Ac!)Lii Jljlal ABC &&*i <^p*\ »^« **jA jij Jae jjc -6 
AB = 400.0 m , AC = 250.0 m. 

: 6^ 'J' 'AD J*SJt Jjia v-^l CD = 150.0 m <BD = 125.0 m J> 6^ ^ BC -^ J* D *J»i21l <^1 

.(15) jJ-*St (*S SjjILs <USe 4_s J^xluLail jjjJaJl — <_i 
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AD 



(AB) 2 .DC + (AC) 2 .DB 



BC 



BD.DC 



AD 



(400) 2 .150 + (250) 2 .125 

275 



125. 0*150.0 = 311. 339m 



or, 



cos(#) 



(Acy +(Bcy -(ABy 

2*AC*BC 



cos(#) 



(250) 2 +(275) 2 -(400) 2 
2*250*275 



(AD) 2 = (AC) 2 + (CD) 2 - 2*AC*CD*cos (0) 



AjuJail ^2 l$4^ljj JJl\ CJL&dl ^yJfr <— JjLUI <LL£ ^uaj -7 



-1 
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E 




.JaSfl ^Ijlall ^USil tliljjj ^IjHuiL Aelijj) ^j Vj tAjJCli ^j Ji>uaj}| ££aj V £jJ o"^ M^ ^-^J "9 
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Al^jJL AaLul o J) 



Li^V' Ajjlj -3 

JaaJl LiljaJj -4 

^jjUI uiljaJVI -5 

j>n"\ ill ciljaj^l -6 



Summation of internal angles of a closed polygon = (n-2)*180 

Where: 

n number of polygon's sides. 



(1) 



Summation of internal angles of a closed polygon (with the help of member's bearings) = S of 
back bearings - Z of front bearings + L*360 (2) 

Where: 

L number of points whose front bearing is greater than the back bearing of the previous 

member. 

Error of internal angles (A) = (n-2)*180 -{ Z of back bearings - Z of front bearings + L*360 } 
Allowable error = K.Jl.n 



Where: 



K constant 



The amount of correction for each direction (e) 



Examples: 



2.n 



1- A closed polygon (abed) was created. The bearings of all its members was measured by a 
compass, and they were as follows: 



Member 


Ab 


be 


Ca 


cd 


Da 


Front 
Bearing 


180° ..: 


260° 40' 


61 u 5(T 


350° 30' 


85 u 40' 


Back 
Bearing 


... u 20' 


81 u ... 


240 u 40' 


170° 4(T 


265° 30' 
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2- The following observations were taken by a compass for a closed traverse. It is required to 
adjust the bearings of that traverse by the exact method, and the sides of the traverse by 
"Bowditch" method (length of side's method). 



Side 


Length 


Front Bearing 


Back Bearing 


AB 


96.23 


64° 16' 


244° 2(T 


BC 


121.15 


128° 17' 


307° 51' 


CD 


79.16 


201° 03' 


22° 36' 


DE 


102.77 


288° 46' 


107° 59' 


EA 


94.75 


324° 16' 


144° IT 



Solution 



:JaJl CJljki 



= 180 (n-2) (l) 

where n = total number of angles, or sides of the polygon 

jjixa jJfc L»S ^JjLuJI kail ^yilaJI ciljaJVIj JaaJ ^aUVI ciljaJVI <Ll4jJxaj ^Lixali JU&I^Jl Ujjll <Uj!J aIjla oSajj 



A L 




Angle (abc) = 244° 20' - 128° 17' 
Angle (cde) = 360 - (288° 46' - 22° 36') 
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(2) "•• 

<> >^ (de) ^U < y> L »^ 1 ^Lp^V 1 &<-* ^ ;( c d) >* Lf! JjU-JI laiJlj (de) > ^ J*5UI ^ (d) ^ ^* ; 

iaaJJ yilaJl (JljaJV'-e ^-U^J (be) -^ ^JLliJ ^LaSfl (JljaJVLj \±jl JjLuJI JLjJI ^i (J) 4_ai cjL*aJj 

: JU1I JjJaJl J £Ul*syi <> c«f. > US |& j ;244° 20^ ft* 128° IT Oj^ tfl (ab) J#U*ll 



Point 


Line 


Front Bearing 


Back Bearing 


A 


AB 


64° 16' \ 


244° 2(T 


B 


BC 


128° 17' ^\ 


307° 51' 


C 


CD 


201° 03' ^^ 


V. 22° 36' 


D 


DE 


288° 46' ^ 


\ 107° 59' 


E 


EA 


324° 16' ^ 


\l44° 12' 


Summation 


1006° 38' 


826° 58' 



2 = J .JJ^I fti^ ^AlaJl ^ilj^VW <lAi djSrt ftLali ijAjHS la\j±&\ £l *Ja*5L £4 ;(d, e) (^IS 

j^llU^I <> (A) tSjIjJl UaaJl 4aJ jUjI J» hl\Zl\ SjkUl - 

(2) AJjIxaJI (>» Ajjni^ fill UjjJl f J-4^-4 — M ) <UJIaa]| £>* 4jJ'"*> fill Ujjll pJH') t\ 

A = 180 (5-2) - { (826° 58' - 1006° 38') + 2 * 360 } 

= 540.0 - 540° 2(T = -00° 2(T 

AjiiaJl CililjaJyi q^Uj j <t«USfl CililjaJyi JjJLflj ijaj 4lfl (t-*»») IkaJl &l£ IJj 

Allowable error = k.^J2Jl , k is constant, n: number of internal angles. 

CiUUjI 10 = 2 X 5 = (2 X gSLiSfl JJC) ^jtuu ^fc j SJj^jaII GUU2V1 JJC <_^e £jjj IkaJl life 

error for each direction (e) = , (fraction) 

2.n 

ex: assume that n = 5, A = 46, 
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46 A* 

e = =4.6 

2*5 

.(4, 4+1) Ia& rj^ '^"'^ <jJ^i»«ua]| jjlajUl 

ei = 4, and e2 = 5 

(e 2 ) gjadyfljil JIU yjil CjUIajVI JJC £y*J -2 

di = A-2.n.ei 

= 46 - 2*5*4 = 6 directions (takes the correction 5) 

(e,) ;r A'fVill Jib JJl\ cjUUjVI jjc -3 
d 2 = 2.n- di 
d 2 = 10-6 = 4 directions (takes the correction 4) 

: JLzAll JlloJI J\ 63^L 



A = -20.0\ e= =-20.0/ 10 = -2.0' 

Tn 



.(2.0") jlJ^ AjalaJl CJliljaJVI 544a. JjSjj (2.0") jlJA»J ^taUSfl CJliljaJVI jx»a. SjLjJ <»jj 



Line 


Front Bearing 


Back Bearing 


Corrected 
Front Bearing 


Corrected 
Back Bearing 


AB 


64° 16' 


244° 2(T 


64° 18' 


244° 18' 


BC 


128° IT 


307° 51' 


128° 19' 


307° 49' 


CD 


201° 03' 


22° 36' 


201° 05' 


22° 34' 


DE 


288° 46' 


107° 59' 


288° 48' 


107° 57' 


EA 


324° 16' 


144° IT 


324° 18' 


144° 10' 


Summation 


1006° 48' 


826° 48' 



826° 48' - 1006° 48' +2*360 = 540° o.k. 



= Tua^lll Jxj *LililjJl Ujjll p J-aa-a 
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;^; u »" <JjJb-U ASjSjII 4ijjklLi CJliljaJVI ^■»* -2 




La£ 4_Ja^ 4_uJL> J»j 4JU ^i Lai ;lgO ^jL*j ia_Lil ^LaSflj ^j-ila-ll cilj-aJV LfcW ciU^' O^ ^4 a - 4 4jjJ>-?' 4»J 

F 2 + 5 b -180 = Fi + 5 a 



5 b -5 a =180-(F 2 -F 1 ) 



(3) 



8b - 5 a = ki 
5 C - 5 b = k 2 
5d - 5 C = k 3 



:^firi ajsil] g-uj (8 a , 5 b , 5c , ) f£ J^Vj 

: Sjjjua]j yic (IjVjUaJI <> jjc ^fc JjuaaJai80 <> (SjLSI 6jJj) Jjii! £jkj _2 



ki + k 2 + k 3 + 



:ji (^i t ji«ua = CjVj1*a!| S-IA pji') <\ <jj£j <ji (— ia^jj 



0.0 
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tUft'l'.M.I.flJI <Jj>LuJj0jl ,_y9 JjluJLO 



Line 


Corrected 
Front Bearing 


Corrected 
Back Bearing 


Difference 
Back - Front 


180 -d 


AB 


64° 18' 


244° 18' 


180 


0.0 


BC 


128° 19' 


307° 49' 


179° 30' 


0°30' 


CD 


201° 05' 


22° 34' 


-178° 31' 


1°29' 


DE 


288° 48' 


107° 57' 


-180° 51' 


-o°5r 


EA 


324° 18' 


144° 10' 


-180° 8' 


-0°8' 



§b 


-5 a 


= 0.0 






5c 


-5b 


= 0° 30' 






5 d 


-5 C 


^l^ 






5 e 


-8 d 


= o°5r 






5a 


-5 e = 


= 0°8' 






for check 






0° 


30' 


- 1° 29' + 0° 


51' 


+ 0° 



V = 0.0 



5 b = 5 a = 0.0 

5 C = 0° 30' 

5 d = -1° 29' + 5 C = -1° 29' + 0° 30' = -0° 59' 

5 e = 0° 51' + 5 d = 0° 51' - 0° 59' = -0° 8' 

the last equation is used for check 
Sa^^O-t^S^O^ o.k. 



Line 


5front 


8Back 


Corrected 
Front Bearing 


Corrected 
Back Bearing 


AB 


0.0 


0.0 


64° 18' +0.0 
= 64° 18^ 


244° 18' +0.0 
= 244° 18^ 


BC 


0.0 


o 30' 


128° 19' +0.0 
= 128° 19^ 


307° 49' + 0° 30' 
= 308° 19^ 


CD 


0°30' 


-0° 59' 


201° 05' +0°30^ 
= 201° 35^ 


22° 34' - 0° 59' 
= 21° 35^ 


DE 


-0° 59' 


-0°8' 


288° 48' - 0° 59' 
= 287° 49^ 


107° 57' - 0° 8' 
= 107° 49^ 


EA 


-0 o 8' 


0.0 


324° 18' -O ^ 
= 324° 1(T 


144° 1(T + 0.0 
= 144° 1(T 
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North 



Oj^JJUUuJI 4>LuULoJI ,_y9 JjluJLO 

;(CjLSja1| JjJjJa <j£) Jilil liai. r;-*- ■ aj 



C/3 




in 



N.E (North-East) 
N.W (North-West) 
S.E (South-East) 
S.W (South-West) 

Then, 



the Vertical component is (+) and Horizontal component is (+) 
the Vertical component is (+) and Horizontal component is (-) 
the Vertical component is (-) and Horizontal component is (+) 
the Vertical component is (-) and Horizontal component is (-) 



The vertical component (V) = L * cos (0) 
The horizontal component (H) = L * sin (9), 



Where 



e 



is the reduced bearing (j o^^ l <JljaJVI) 



Line 


Length 


Corrected 
Front Bearing 


Reduced 
Bearing 


Vertical 
Component 


Horizontal 
Component 


AB 


96.23 


64° 18' 


N.E 64° 18' 


+41.731 


+86.711 


BC 


121.15 


128° 19' 


S.E51°4r 


-75.114 


+95.054 


CD 


79.16 


201° 35' 


S.W 21° 35' 


-73.61 


-29.119 


DE 


102.77 


287° 49' 


N.W 72° ir 


+31.445 


-97.841 


EA 


94.75 


324° 1(T 


N.W 35° 5(T 


+76.816 


-55.469 




494.06 






+1.2684 


-0.6655 



Length of error = J^ [Vertical Components) + 2_, [Horizontal Components) 
= A /(1.2684) 2 +(-0.6655) 2 = 1.4324 
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% of error : 



Length of error 



1.4324 



Total length of traverse lines 494.06 



2.8992*10" 3 . 



£_a teJjAuJl 4_jfll^jJail CJlJ SjCjJl (^ualj^l ^ (1:100) lM^I ^** 4^ jj^% ^i ^ CJliualjAil <ja2 

.diAi\ J (1:500) jjl^jj Vlj 'jij^ lh^II 

; ( -j^LS Jai. j£i <Liuiljil 4j£ja!| ua^u ajj 



jail 



JaaJl Jjla 



JgjJaa, JljLi £jaa^ 



- lu,tt 



;^IS Jai. J£i SjSflSf 1 4jS>»il gA^flLJ ^jjj 






JOll 






jj^j J-J>«Jl JajJaiJ <b^uijil iliLiSj^Jl fu^^i jli v4_iaj^ JJI!| i JaaJ <b^uijil 4_£ ja!| CiJIS I Jl 4Ji JaAiUj 



Line 


Length 


Vertical 
Component 


Horizontal 
Component 


VI. 
Corr. 


HI. 

Corr. 


Corrected 
VI. Comp. 


Corrected 
HI. Comp. 


AB 


96.23 


+41.731 


+86.711 


-0.2471 


+0.1296 


41.484 


86.841 


BC 


121.15 


-75.114 


+95.054 


-0.3110 


+0.1632 


-75.425 


95.217 


CD 


79.16 


-73.61 


-29.119 


-0.2032 


+0.1066 


-73.813 


-29.012 


DE 


102.77 


+31.445 


-97.841 


-0.2638 


+0.1384 


31.181 


-97.703 


EA 


94.75 


+76.816 


-55.469 


-0.2433 


+0.1276 


76.573 


-55.341 




494.06 


+1.2684 


-0.6655 






0.0 


0.0 



•<^^^^j| 4^^ ^ajlj ^a^ul tu^^j 
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Area: 

1- It is required to find the area of the closed traverse, if the coordinates of its corners are as 
follows: 



Point 


A 


B 


C 


D 


E 


F 


X- 

Coordinate 


10 


45 


J 1 \ 


138 


104 
^P7 \ 


36 


Y- 

Coordinate 


40 ' ^77 ^ 


65 ^ 83 ^ 


'^3 ^ 


^4 



Y 




Area = 0.50 { (Xi.Y 2 + X 2 .Y 3 + X 3 Y 4 + X 4 Y 5 + X 5 .Y 6 + X 6 .Yi) - 
(Yi.X 2 + Y 2 .X 3 + Y3.X4 + Y 4 X 5 + Y 5 X 6 + Y 6 Xi) } 



X 



0.50 { (10 * 77 + 45 * 65 + 87 * 83 + 138 * 3 + 104 * 14 + 36 * 40) 

(40 * 45 + 77 * 87 + 65 * 138 + 83 * 104 + 3 * 36 + 14 * 10) 
0.50* 12123=6061.50 
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2- The area by the lines' components: 




Line 


X component 


Y component 


Vertical 


2* Area 


AB 


150 


-275 


Yi=-275 


-41250 


BC 


175 


-135 


2Yi+Y 2 = -685 


-119875 


CD 


-65 


-130 


2(Yi+Y 2 )+Y 3 = -950 


61750 


DE 


-160 


300 


2(Yi+Y 2 +Y 3 )+Y 4 = -780 


124800 


EA 


-100 


240 


2(Yi+Y 2 +Y3+Y 4 )+Y5 = -240 


24000 










49425 



Area = 0.50 * 49425 = 24712.50 
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*_4j CJliLua^l oAA 4 a i ■■tj.'j / ,»14t) cjliLJa^l j *""•;.' J^a a '"'.,'V''J.,'"' - 1 '•*■"' ' ■'; >JJJ t4jujwiJl AaLui ^ JI ,Jk 

;*UuliJjJ| » jJuiJI Jiuiij /J&i j„'"'„' Al ' ^! j.. 1 ''.. <jJJjfcuu 4jjjj Jj jj CjjLjjjj -I <*■"■ lib iijjj 



x 2 x 




m 


A ,\\':'"'^\ *U«Jxi! ^ j^ajil JSj^il 


a,c 


LjUIui^I UJjsui 


b 


^Poujil <LSfl^l S jauiil 


ai ,bi, ci 


<Lalli| £4 ^Jauijil S jjuiilj i UjUIui^I ,«jjx<uJ jJal-L 


X 


'Uiiwii ^tuijxii ^ j jjii j*jii 


Xi 


^j»j.*<l iwJxlJ ^j^aJl jS>aJlj <L»UJ| jjJ 4jS&I AilubaJl 


x 2 


CJl jsuiJI J^bk ^joulaj . AjijAll <IujJ*J| j^>* 6£ <_r^' Jx ^' 


t 




H 


aj.bi = • bjUuiVI JJJL& On 4_alUl ^ifr fejIalaJl ^ilubaJl 





'UiiuJl 'LuiJxil Sj jj 



D = H— + (X+t) 
ab 






jxjjII (J-aLa. JjL. = (ab) &± 



^Ijfciil JaIa Jjla 



ab 



K, 



50 , 100 , 200 oh Ki ^ CJ lj2j 
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ajj 60 ' 30 LiH 15^ ' ?*< V I duijjt 4-ajii f"J^JJJj 

D = H.Ki+K ( 

djlall + ,_£j1gjj£Lj]I CIijIjII X C5 1LjJ|j LjlaJl jiijT ni ll S^ljJ (jji = 5_-al_aS\ ^jj) ,1 ,^ijll 2 Ua< jjj 4j£aVI Ail mall 



.^LiVI 



;(4jtij_ys jU.i\I 4jj| j\ AijLa a,1. aj ii.1 Alls*, ^j 




D = H— .cos 2 + (X+t).cos9 
ab 



D = H . Ki . cos 2 9 + K . cos G 



Y = D . tan 9 



( 
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— 2.613 "1 jauLil »fl ji '*■ * 1<a t*Uial jJaJJl AjjIJ CuLSj vLjjUIoj^I dl jfcuu Jj>« Cuijjjj jl^AJ <QaSJ CJJ^d j -1 

LJLi. jj 7 4-jjI JJ iULa jJaJJl ia-i. (jLSj . (Jja) <Ua£J CJJ^a j . 1 150 '*' * 1<a ■^J-** 1 ^a-uljJ AJLul a JI '"' — j' aJj '4.106 
CJ_iLjJ!j ij jlajj£l_jj| LJ_itjJl AAji v^ia 200 '"' * 1<ft JsjjAj AiLu-aJl '"'•'■ ;}j 3.154 — 1.146 <jl J*-«J| 'ifi\jl ClJSj 

Solution 



:ts la| jJiill Jai. aJU. ^ 



D = H.Ki+K 

150 = (4.106-2.613). Ki + K (1) 

D = H . Ki . cos 2 G + K . cos 

200 = (3 . 1 54 - 1 . 146) . Ki.cos 2 ( 7 ) + K . cos ( 7 ) (2) 



Ki = 103 (^>>j^ ^1) 
K = 3.785 (jL±y\£4$X) 



<UuiJ*U ^ jj-iJl JajJI j v4_najj 40/1 ^Jl jauLlI £j-4 r J j Ji (jj-i AaUu-aJI Ci2S Ci)jum J-«Iaj Jj>a CijijjJJ Jt^A ,«s -2 
4JalJ CJAuaj ,4^-ajJ 4.5 = (t) Ajiiwil <U«j*Jl ^jlui ^> ,J| jt^Aii ,-uiijJl jja^iil <jjj AjLul a JIj v'Uajj 9 = (X) ^j'j *^t 
4_ali <_,_!& 2.65 - 2.14 - 1.63 ^lj*AJl l*\jl CiJASj cCiIajJ 9 4_jjljj cUaj jJaJJl Iia £LSj JL^aJl life 4k^.ljj 
aJ§ SO = »Jjj-a>«il <UaHil ujiii'm ^jLS IJIj v'sJjj-ajAil <QaH!lj JI^aJI <j# ^J^VI AiluuJl JAji .^UajJlj ijllj 4.<vuiLi 

.( jL^aJl IfJ ^211 AJallil) AuajJl <UaSJ ujula JAji ip& 4.50 jlaiil Jai. £lij jljv 

Solution 

ab = 2 * — = — inch 
40 20 

V 

X = 9.0 inch , then Ki = — = 9.0 * 20.0 = 180 (dimensionless value) 

ab 

K = X + t = 9.0 + 4.50= 13.50 inch = 13.50 / 12.0 = 1.125 Ft 

H = 2.65 -1.63 = 1.02 Ft 

D = H . Ki . cos 2 9 + K . cos G 
= 1.02 * 180 * cos 2 (9) + 1.125 * cos (9) = 182.451 Ft 

; e^j. ^i^ail 4 kill I (jJJj 4 ju'ill U4. jjjj 4jjj|^j]| Ail mall 

Y = D . tan 9 
= 182.451 * tan (9 ) = 28. 879 Ft 
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;aJji ^i^ail *> Ua'illj 1, ^i^]| A Ua'i ^JJJ i— Ijin'lflll (jj3 



Y - Yi + V = 28.879 - 2. 14 + 4.5 = 3 1.239 



Ft 



a \j) 4 l-*a \ i <i bajUjO 



80-31.239 = 48.761 



Ft 
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^^uiljil JJuilj <LjSfl^l AiLuL^il (JJJ3U jiaj 4_SjjiaII sift AL^Ijjj ^1850 fbdl y!j AJJj^JaH sJA jjl», £A>JJ 

. ,i^jl] (jUiilA Jajjj s ^J^ duJjjjj ~t '•*■"■ ab 

Sf Ij3 £y*jj (JLuul j^Jj jl (^jJcl yJj) 4_Lju4 4jjIJj jUalail JjiAJ ^i .(b) C£^J «y^' j^l ^ 6j% b>iJc <L»lI}| S* IjS 

:(a) M^l *JbJl ^ ^Uiii 



D 




a 



ffi 



H = a-b 
D H 



tan# 




;4j!aaj CJljiaJ ilLi <_waj^l ^-j;^ n A uiS V Ujjfr -lj 

^>Ju j»j t(b) 3-»liil ,Je- Sf IjSll Jl'Uj (0j) <jjfc« 

Sfrlj-Ul LiUj t(())) cjSUj J laU l J_i4 4-jjIJ 

.(a) 4*1131 yfc AJl^l 
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ac = D . tan §, 

H = D (tan (j) - tan 9) 



be = D . tan 9 ac - be = H 

D " 



tan ^ - tan 



D 



;CiI£L*aJI uu^ai 4ljjla -3 



a 




^JJJ AjSaV^ Ail mflll Aija^a (j^) J^Wj 'oJJAij A5^J Ajjia L_aj_)»-a 1—1L *-~« (^^^ t^c- AjSil Ajjlj (_>"lji (jjj_)ia (jc aJJj 

:ls jVI£ Ojl^ijJl 2 LSl]|j alw^l SJaSill 



D = — .ao. tan — 

2 2 



Prepared By:/ Amr A. El-Say ed, Civil Eng Dept., El-Minia Univ., Eg. 



21 



OjgLuLJLoJI <JL> LuULoJ I ,_y9 jJjLuJLO 



(Jjlajj£\jl\ {JaLjaII /e-b LPij^a 



jUUI (jj-au (jiajJu ^jIsjjSLj jL^a 4 la ■ ul jj jj "kV. J_J£ 4£j_uaj^ <b_uiij 4_«li L —l& *L_ijVl CJlf.| jJill CJj^i -1 

;£jji^l OriC >( _j*luaVlj t^jlajjStiil 







4^Uil CJlf Ijfl 


150 


ji^a 


4.106 


3.359 


2.613 


200 


^jJ7 


3.154 


2.150 


1.146 



'40 

m-^- 9.0 J 1 fe*«<| Jj^»I . Aji 80.0 tg^J'-'i-i^ <L!alJ jJ& Aj-luI j A_ali CJa_uaj .4-uajj 4 — m-"' J^' JJ - * " (( ^j''J'* (l O- 4 

(1.63 -2.14 -2.65) feet 

,|»jS 4.50 Jl^jJl ^.liijl oW t -*^' J^l -^ CJjAjiia dlJSj i^allSlj JLjAil jJJ AjSflVI Ailuutil JAjj 



<U ^aLuaVI CjjIjII) AJJ&j <Luijsu j^4 jlajjSlli a JjiUIl AjjVI jt-ajSlI <>» (A, B) j/ 1 ^'' 1 jjj jIjaJVI Jj*-a jj£ -3 

.100.0 cSJ^ J^I AjjIjj ;(j4^s = 





•ilflJLI 


uiljaJjfl 


<> 


+10° 12^ 


2.80 


2.00 


1.20 


75° 


A^| 


- 4° 48^ 


1.30 


2.10 


2.90 


345° 


B^| 



'(AB) 6-« ^'j S" 1 * fj^ iS^j^ J^l**-* iic>\k Jalj i (Subtense Bar) jLittl ■ T u. ^ ^IjIIuAj (AB) -Jai <_>*£ -4 

4_jjl Jll £j*£ '>" 28.0 J*> JcLul^I SiCliil JjJaj t jIa 684.0 jA (AB) Ja^J) JjJa £lS I Jli tLaUj <iualLa ^j 

.JaaJl 4jlgJ jJC Sjj^jaJI 4jjIJ}|j ^(j^IjjJI AjjIJ) '.'j'^'" ^LgJ jjj AjSflVI 
.iaaJl 4jI$J jJC Sjj^aj^Jl Ajjljilj ^^^IjJl AjjIJ ^A t«£ ^AjjJIa ^jk-j '(AB) ' *'^*J jC-Uu^I Sjclill Jal jLS IJIj 



£j_a 5_jSflVl AiLuLAil AajI t8° 40" :»jJaJl ftt-J* (^i ^-^1 »JJ«^ (jialiaJ! AjjIJ CulS IJlfl t 5° 10" l^lijjj AjjIJ 



Cilf Ijill si 



ij (C) »JJ>1^ <L2alJ jji CjjJjJjjjJI J»uaj l^jjMiia ^jiuJl (B) <UalI!l jj» (A) ^Jaiill l-ijajiIj jIajV -6 

:dijisi (A, B) t3^ ^"U cy^j*^*^ ^a^^' c?^ ^^' 



(» 


cjljfcudl Cilf IjS 


Ij-iljll ijjljll 


^alill 


0.950 


1.502 


2.055 


-7° 35^ 30" 


A 


2.98 


2.0 


1.018 


+10° 50^ 30" 


B 



Jj-uila 1aj\ ,j1a -42.03 = (B) 4Ja4J ujui^a jjj 100 = tSJ^J^*-^' «^H^Ij '^.;l.' u "' ^"Jfr <J Jl^Jl (I)' (^ I ^ 

,(A)UU 
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YLkiJI 



jlajjSUJl ^LjSil yk <LjiflSfl AiLuLail ^jLuij 41jUJ| AiLuLail jUjcI OSaj <±J\j AjjIJ <^l ^j A>jl -7 
(ji-ua = ,-flluaVI CjjIjJI <ji ^i) <bliKj <LuiJe jLiaJLi J^jjj . jc JjJj 

300 



i»jj_l]| (jj-l AiUu-aJl ' «■-«**« ._£ <j| jjji] ,_uiij]| jj^ " <( J '4->^JJl2.0 jA J 1 ^*" (_j-2 <Uiiuil <LuiJxl! cSJJ^' J *^' -8 
^jjja-u £iW ^jJ*L»ll *j-»J! cMj Ql g>^ y-^U^ JJ-*-*^l 6-* j»^ 301.50 ■A*J <^-k 4-*^ CJ*_uaj .4j1jni 11 <LuiJ*J)j 

.fjS 3.0 = 4-»Hll <^e Usllutfl 



AiUo-aJl uiJIS IJli i4_alill ^—t jjSJ^J 4j-uiijll Ljljjll CJJ-ufijj t^jLt uiuIjJjjIi CJJ-ufijj *U-uiij 4_al£ uw-uaj -10 
4-jj)J <JJa £LS IJj 4_alS}| 5JaSJ cjjaji_L» jftLa t 0.044 = gj-^jV' (j-^j cr^ &W <j>^'j '>" 4-26 \ »&i Aj^iiljil 
jaJI jk^u Oaj jLfaJl jk^ cj^uiiaj t>La 1.75 = ^jJxJl (JifU o^jSfl <>• ^L&jVlj 0.161 = J&^\ (Jifl! 

.J" 4.0 jl 



U! 4ou>^lj^l ^*J c5' iA l X 4-kli £_« SjALla OJIS A <kHJl (A, B) QjiWMl 6^ teluud\ jL>j) jjJ 4<xjfllj2 cj* -12 
Jjj^ jjjCj-uaj^ jjiaJli ^Jt (X, Y) jjjialJJl <j-a 'LjjlajjSUJ jLuaji Cjj^i . Y c$J^' 4LiJ <j^» SjAlla duLSi B <UaSJ 

lyfrlS JLuajSfl ^Uj (A, B) 6£k»^ 



Occupied 
Point 


Co-ordinates 


Traverse 
Point 


Bearing 


Vertical 
angle 




Hair 




Horizontal 


Vertical 


Readings 


X 


3800 E 


1000 N 


A 


326° 42^ 


09° 22^ 


1.50 


2.11 


2.72 


Y 


3600 W 


740 N 


B 


10° 27^ 


12° 18^ 


1.80 


2.25 


2.70 



.AB kiJl (JljaJlj i AB ^ilu^l <- 



100 = >"J^IjJ| cjjIjJIj ( <uLKj *Uuj*j Jj>« jUjaJI 

:B <&& *&y^y* ^>^ ^j tjl> 15.05 LjjjAJiia ^1 <A 4ktJ jjc jI«jjSL1 csJ-^ <> £>l*ljS £»J*I -13 

.a^sjj 14.40 = yit-iV' ^J ' 100 = a J3-«S13]| <& : ( p ) dL#l J^JI 

.^jj 15.0 = yiUiyi <¥$J ' 95 = c$J"j^l Ajj12 : ( j> ) ^aSll JU^JI 

e^^V ^J'JU '> 1.45 = A ^ ifc ( p ) jU^Jl ^LCjl ^ISj 
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Theory of Errors 



1- Types of Errors: 

1-1- According to the sources: 

a- Personal Errors 
b- Instrumental Errors 
c- Natural Errors 

2-1 According to kind 

a- Systematic Error 

b- Un-systematic (random) Error 

c- Gross error 

2- propagation of Errors 

4_ili (jjjlil ,y£ Uai. J^j IJIj t(n) <_hW^' ^O" 4 JJCr O^ "^0"* *■**- Jajj«iill Jjia jC JjJj AJjia J_-v o-"^ ^ 

.(n.E) = 4JS ■kaJl _*£ guUil ikaJl <_)lfl t(E) eJ^ljil SjaJI ^ UaaJl I JA 4aj3 CJJLS I Jlfl iCjIjaJI <> JJx!l (_h.IL jjSjj 

.Js-Ul JjJa sJIjJj ^'nni'i jj*2 Vj * "^"'j UaaJl ji la-kMJj 

3- Random Errors: 

:_jjVl (»jj » <■%■"... -t) JI^aJI £>■» ji _y-a-vui jLS f Ijui sjI^aa _jJ| Us-Ul f IajVj iSjJxLa jjlu^a l$J fUa&VI 

t JL^aJI (_h> &j£j UaaJI jJ^_a« <jli t» j^VI <_>« *LC j^>a-» J^lj (j^a *■ -) -xL al _Jc- - 

,L^_la (j-aj^jll ji IgJ-bwi AijX4 <_£«J Vj t'LajUl ji 



HoLgJI i^Ojj LsZjJI u ^iZj 

Direct Measure :_>jiLoJI ^jjuLiJI -1 



Indirect Measure :_>jiLoJI _>*c ^LoJI 3I juo^JI -2 

'*■ Sj a igl *J-ua JjJa i— il ■ a-a J_L» .LgJ j-uiLu (jd-jjj J-afr aoj aJ . 4_ta£ ._!& Jj«_a__J| ,j-i*J j^Ua jJ*^I <_hW^' 

Lajjj ;<LuiL2 ^ Jajjuil -<■*■"■ aj al <Luib2 ^UuS _Jfr Jj«_a_Ul aj ^dll ^iu-Jli iLa^Jjj AjjIJIIj ifj^j^i] jjxluaJl *LwjJxaj 

The most probable value :^llai>l _,i5\ll diajiJI -3 

<C Jj.^-vtt jLuajVI (3-4 (*jl-$J V JJfr ja\i Luajl jJ*JJ ^ t'U-laiLiJlj AjJlxll fUa&VI £y* ULaj (j_aJa-Ul jJ*jj 
jli .l^JUAl (JSaj unj (JSa« -i. /<^i /Jj uluiMj 4 tlalLaJlj AjJlxSl fUa&VI (_]l (jiajiij .^Uu-LaJl *Ua__J Aj5j5-UI <L«j1!| 
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La cjjil Ljjj d!J_i luaijj iVLu^l jjSfy) 4_«jill LgJe jiLj 5_ijILaS| Aj^SII oJjJ*J| jUfljSll 4kuijlaJl 4_«jiil jli dlU 

True error : l _ y iLa>JI Lkddl -4 

LaJj .LgJ »Jj»i^jAil 4 ajAJI (JJJJ (' *j (r - Jj ' •* "*■ (t Jja2uu jl jJ*JJ <** j) ftJ^a*tf j«»}| 4-LaSll AjJLjSaJI 4 ajjjl <jjj <jjiil jfc 

.Luajj Jj-*.*.- -> ajt-v t) LLaJl ^Jc. Jj^aaJl jli ■ Jj-v"... - 4jJLS»J| <LajI!| ^Jc. Jjj^aJI jLS 

Residual error :ojlSLJI clki>^l -5 

IgJ VUj^I jjSVI *L4JiJl jjjj t»Jj^ajAll 4_4ji!l jjj <jji!l jfc 

Arithmetic mean ^LucsJI Jojuu^LoJI -6 

jL^j^fl sJJfc Ja^ujiaj t4 t£ja a SjLjJ ,_!& J'^^J ^Jli ;n = £ilj-«Jl <j-« JJCf b» Aj^S J«^jJ .l^ljJl ajJL LaJJC 

4_ajl]| uiJLS L»Jj .(VUi^l >iSVI 4_aj£j| _ 3jj»uaj^l 4_ajSil = ^Ul IkLSl <$) jiua ^ jUu AjSUI * Uaafrl £>»»»» -i 

(jL4j U jSi AjSLI) f Ua^VI CAxjja Pja^a -t_i 

Mean square error (MSE) iJgLuugLoJI lwr s2jy>JI LkdJI -7 

Mean Square Error (M.S.E) Ja*-j^l ^j^l UaaJL 

MSE of a single observation :6a>IjJI ojuoJU Jojuu^LoJI l _ f s2jy>JI LkdJI - 



life-*) 2 



;=i 



n-1 



MSE of the arithmetic mean i^jLuoJI Jqjuuj^all Jojuu^LoJI l _ r 2ju>dl LkdJI - 

jjj 4Jbbdlj vSdAljJl 3 J-uajJJ Ja-uijlaJl ^jujjjJI I kaJl j_4 Jil - 1 . .. Oi ja^jijlali Ja^ujlaJl ^jujjjJI UaaJI jli ^JLJLij 
. j^ .1 . ,.■*, t) Ja«jl*iJ j&uijlail ^jujjjII UaaJl <jjjj t« J^ljJl »Ai^jii J&uijlail ^Jujjjil UaaJl 



o 

n 



where a the mean square error of the arithmetic mean 



^o = 
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£(*,-*)■ 



II 1=1 



n.( n -1) 

Relative error ^ajuoJI IkdJI -8 

&a 4_Jli ^jJ-iill ^i JjJl La^jj <ijsu» ujjJL^Ij (4_Jjl Jj JjJa SHa) CJlJ^jII ^fl <LuiIAa}| CJUaSJl ufct&l .1JC 

.Jjj jUajStl is'\ JJJa^ ^JjLi*!] (j^uull UaaJl <yujij 4j^£ jj*j dlU t jjjIbJl ^fl *UalVI 4JjLL» LkLSl 

Re/czt/ve Error = = 
X 

Mean error ikbuugLoJI IkdJI -9 

. . .. 

rj = ^.<j = 0.7979 a 

V7T 



Probable error :Jjai>joJI IkdJI -10 

utjjjj jji Ja^ujSfl f3>!! JiaJ >$i Sill if. UaiSfl 5-a»a £j3j <> 50% = ^j2j JUjaI &jSj ^ill IkaJl jft 

.^ 4jj*j (jSju J-" - *- *3I UaaJl <ji CjLuI <j£j»i JJij vAjSLJI fUa&Vl 

r = 0.6745 a 



example: 

3- A distance was measured eight times and the observations were as follows: 



118.167 m 


118.750 m 


118.273 m 


118.266 m 


118.165 m 


118.167 m 


118.760 m 


118.280 m 



a- calculate the mean value ( X ) of this distance, and the mean square error (MSE) of the 

observations (cr*) of a single measurement 

b- Calculate the (MSE) of the arithmatic mean (tj x ). 

c- Calculate the relative error. 

d- Find the mean error (a) and the probable error (r) from the above observations, then check 

their relations with (a) 

e- Supposing that if the true value of that distance was 118.248 m, what would you comment 

upon these observations? 
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Solution 



No. 


Observation 


Residual error 

X t -X 


error 
Sorting 


True error 
X,-X t 


error 
Sorting 


1 


118.167 


-0.1865 


0.0735 


-0.081 


0.018 


2 


118.750 


0.3965 


0.0805 


0.502 


0.025 


3 


118.273 


-0.0805 


0.0875 


0.025 


0.032 


4 


118.266 


-0.0875 


0.1865 


0.018 


0.081 


5 


118.165 


-0.1885 


0.1865 


-0.083 


0.081 


6 


118.167 


-0.1865 


0.1885 


-0.081 


0.083 


7 


118.760 


0.4065 


0.3965 


0.512 


0.502 


8 


118.280 


-0.0735 


0.4065 


0.032 


0.512 




1 = 946.828 











a- mean value 



S*. 



n 



946.828 
8 



118.3535 m 



'!(*,■ -*F 



- mean square error of a single observation (a n -i) 



i=i 



71-1 



0.252725 



i(x,-xf 



i=\ 



b- MSE of the arithmetic mean = <7 = 

n.(n-l) 



'n-l 



0.252725 



0.08935 



c- relative error 



cr n , 0.252725 
Re = -===L = = 0.002135 



X 118.3535 



z=l L ■ 



606 



d- Mean error (a) 

n 8 

check of mean error value with (c n -i) 



0.20075 



a = 0.7979 a = 0.7979* 0.2527 = 0.2016 



d- Probable error: 






n n 
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0.1865 + 0.1865 

r= = 0.1865 



r = 0.6745 a = 0.6745 * 0.2527 = 0. 1704 



e- if the true value = 1 18.248, then, it can be concluded that both observations (1 18.750, and 
1 18.760) contains random errors, and must be excluded. 



1 

weight = — - 
cr 

Where: 

a Standard deviation 



(7=\l^ 

n-\ 

.Lgjjj JlJj LaSS SouajU ^jLsuiJl 
: («^ aJ 3'-^ i_s* > j j0 ) clk»>^ll i_?>±jo K _ ) o\s> -12 

p jjjj JUjaI /<uiljil jja-^l C&4JJ t^Ua^bU Ajjj^Slj 4jJJaJ| 4_4ji!l ^jiflVI JJ^^il Ajfl Jlaj *'•**'■* jC SjUt 

*Uj1J| jjjj »Jj^ajAll ajlil jjj (jjill j^jUujj (JLjJI UaaJl LJJia. aj iljIjaII <jj> lis. jjjS JJC La <liaS Uui2 I JI itiafl 
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iJli. 



1- the angle (ABC) was measured 25 times, with equally accuracy. By taking the arithmetic 
mean of the observations, the most probable value of the angle was (94° 04" 20.55"). The 
values of observations are listed in the following table: 



No. 


Observations 


Residual Error 

X t -X 


+V 


-V 


1 


94° 04' 20.85" 


0.30 


1.80 


1.80 


2 


94° 04" 20.50" 


-0.05 


1.45 


1.50 


3 


94° 04" 20.60" 


0.05 


1.45 


1.50 


4 


94° 04" 20.50 


-0.05 


1.20 


1.05 


5 


94° 04" 20.70" 


0.15 


0.95 


1.00 


6 


94° 04" 19.05" 


-1.50 


0.70 


0.80 


7 


94° 04" 20.50 


-0.05 


0.70 


0.55 


8 


94° 04" 22.00" 


1.45 


0.70 


0.55 


9 


94° 04" 19.55" 


-1.0 


0.40 


0.30 


10 


94° 04" 19.75" 


-0.80 


0.30 


0.05 


11 


94° 04" 20.50" 


-0.05 


0.15 


0.05 


12 


94° 04" 19.05" 


-1.50 


0.05 


0.05 


13 


94° 04" 18.75" 


-1.80 




0.05 


14 


94° 04" 20.00" 


-0.55 






15 


94° 04" 20.00" 


-0.55 






16 


94° 04" 21.25" 


0.70 






17 


94° 04" 21.25" 


0.70 






18 


94° 04" 22.00" 


1.45 






19 


94° 04" 21.50" 


0.95 






20 


94° 04" 19.50" 


-1.05 






21 


94° 04" 21.75" 


1.20 






22 


94° 04" 22.35" 


1.80 






23 


94° 04" 20.95" 


0.40 






24 


94° 04" 20.35" 


-0.20 






25 


94° 04" 21.25" 


0.70 







Period 


No. of 
Errors 


2.0-1.5 


1 


1.5-1.0 


3 


1.0-0.5 


4 


0.5-0.0 


4 


0.0-(-0.5) 


5 


-0.5-(-1.0) 


4 


-1.0-(-1.5) 


3 


-1.5-(-2.0) 


1 



:/J\^\S SjjS JS ^fl fUaa&l JJC JJaJ fJ (0.50") »J&\ ^ <^SjJj CjIjjJ J\ fUaiSfl f*AJ 



;J?i\ <j jljSill ^jaViti ^'n'n ^j-4-wj ,_jill ^'iVull I JA ^fi ^^J 
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.jUajSfl JJC jIjJI Ul£ AjljlaJl 3^j£i| jj» LjS ^UoaJl Ja^jiJl jIjJj -3 



LU 



c 
o 

■i— < 

CD 
Q. 
CD 



LO 


o 


LO 


o 


LO 


o 


LO 


o 


<H 


<H 


o 


o 


o 


r-\ 


<H 


CM 




1 





o 


o 


o 


o 


o 








4— 1 


4— 1 


4- 1 


■1— ' 


■1— ' 


















(M 


LO 


o 


LO 


o 


LO 


o 


LO 


1 


■ 




c> 


o 


c> 


<-i 


rA 








1 






* — ' 






* — ' 


' 


















Period of Error 










. <jJJxJ| 4-ajSJl (jx&j UJ ^1 AJluiil * LkiVI ijJa. Jbu&l JL» 4_i^jaSI f-UalVI ijJa. Jbu&l -1 

.AlaJ CJJlJJI Ul£ LkaJl *jjJ^ JLu^l JL ^S -Sjjj^JI fUaiVl c> tjjJ^ >Si SjJuall f-UalVl -2 

.AjUJVU ^fl (X) j>»-4 Jilj <^i»Jl 6^ I^J '^jJaJl »jJU »JJ^I f UalSfl -3 



G(e) 




Error 
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:JLfti>))l ^jl^jLoJ ojoLszJI oJ^Ls^joJI 

:JLuaVI Lg '--'» t <LdVl 4Jblx!l o"jL> "^jl 



G( S ) = A.e<- ft2 - : ' 



Where: 

G(s) Probability of error X (for the Y-axis) 
e natural logarithmic base (2.71828) 

X the error 

1 

h is a constant (h = j= ) 

cr.v2 

a the standard deviation (MSE) 

j^JLiil jLiil i± ftuajrf jA La£ *■*■*-<) J&u ^J jjjj iHajS 



G(e) 



4iij jjfr jLus ji 




Error 

jla yuj tpg-la ■ ail .1^.1 oil a \L a]| {ji± AlLoja <_£ >luC. j ■ dSj Ajc jjxlj Ajj^i Ajjjij aA La £ ( _ 5 -*J dl ai^ (Jl ^"^ I ''■* a (jl 

; JIjjI (JULall (j^a_)*j '"Aft ^"^Sfl 4j_)i=ij (jc. AJajjixa oj£a 



Jj.laJl j\ j£j llllj^l JJfr 



ilj^iU ^yJlll JJXSI 



= La Uai. ji La f ^w ojJa, JLsj^I 
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:jA fUiajj SjS 25 j 'f Ijj*- SjS 15 j 'f l>*^ £alj£ 10 4j ^Jjil^ £>* frO"^ *j* £L£) Jl^3*l ^^ 



10 



10 + 25 + 15 5 



= i = 20% 



.fUa^VI fc i a ai CJjJ^ CjVUj^I P»a^a Jiaj IjJV tl = <_HJ^ u*^* 1 '* '-^ 4aI**a1I <j^ <*^Wj 



+OC 



h _ h 2 Y 2 



Area under the (Gauss) curve = ~j= e .ax = 1 



(Xi X2) Oj" ^ <jJJ ^a^ p J^J JUu^l (— b iaj LaJlj t<jJ*-a Uai. p jflj <— l> uaj <ji jLjxaII (j^ <_H^J 



G(e) 



Xj LbkJI usJy>> JUL*. I 




X2 lyjl uad> Jul; 



X2 5 Xj ,jJJ Lb> uad» 



Xi x 2 



Error 



7 h 



h 2 .X 2 



(Xi , X2) LW 1 ^ U£ Lki ^Aj J-^^-l 
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. (Probable Error) ^HJ& ^ && LlajJaj US — 4ia jjSI f Ikil Uj ^1 JluajSfl JJC cSjt"" J aSa^l LkaJl <>» 
r = 0.6745 a 



:(r|) iuujUl IkLSi dJJSj 



r) = 0.7979 a 



.(jjjjjil Jj^jl) 4j^J4 jl 4Jtui utJLS ji Uui LkaJl SjLSb U^ia j£j 4iblc V -1 
jLuajSfl 4_iJJ <_h^ cj* (r) J (a) U-« ^ .<<■*.. .j dIJJ . 5_4jUl JjJj JjjjjII £# ^Jj • b*f» ^Ua^Stl jjjIj U$j2 jflaj -2 



r = ±0.6745a 



■.ilajtil ^ (50%) 1^9 gii, ^Jl clka>^l jo 



G(e) 




^t- 


^t- 


r~- 


r~- 


^o 


^o 



Error 



7 h 



h 2 .x 2 



= (Xi , X 2 ) 6A^ 0£ ^ £.A$ <JU2*1 0' <Jj"l 6' J^-" ^J 
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0.50=j 



-h 2 .r 2 



:(50%) <jJa. V-J ( r ) SfUW jSsSfl UaaJlj 



:t ^l2ll CJLu) <^«j diJSj 
0.683 isjL«y (-a , +a) Oa J^ ^ ^J^ J*- 4 ^ 1 -1 



+ f-t. e -" 2 - 2 = o.683 



+2cr 



^_ e -/i 2 .(2 CT ) 2 _ 



-2cr 



= 0.953 



0.953 c5j^ (-2a , +2a) 6" J^LL* ^J^ J-* 2 *! -2 



+3(7 



L. e -^-(3-) 2 _ 



-3 a 



= 0.997 



0.997 c5j^ (-3a , +3a) l«j J^ ^ ^j^ J-»2*l -3 



'0.30 % ^!>* (5J (100-99.7) c5j'-^ ± 3a 6* AO 3 fr 1 ^' ^J^ J*-* 2 * 1 l)' C^ 33jL-JI 4JjUaJI <>j 



Example: 

2- A distance was measured 40 times from which the standard deviation was found to be ±12 
mm. How many of these forty observations containing errors that lie between -15 mm, and 
+10 mm? 

Solution 

a = 12.0 mm 



+CT 



h_ -h 2 y 2 

71 



J " ,e-* 2 * 2 =0.683 



but 



\e F(x \dx = - 



F(x) 



F\x) 



h \ e -h 2 -x 2 . h e 



-h 2 .i 2 



7i -2h z .X 



± 12 -i X **■& £C 4S1*-^I <!jl*Ail yfl <j^J*-^J 
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0.683 



1 



C -h 2 (12) 2 -h 2 (-12) 2 ^ 



2hJ7T 



12 -12 



0.683 



-1 



Ih^JTT 



f -U4h 2 ^ 



V J 



h = 0.0688 *(e" 144/l2 ) 



: <$ jLuu ±12 6^ CJ 1 ^ ^ ^ t^ 1 jLua J^ JJC 



0.683 * 40 = 27 observations 



G(e) 



A = 0.683 




Error 



a 



a 
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'■(o^S^) lw ^£<LoJ OjuuuJugJI ^[^xJI 

:£jV <^4j ( Yjj*-* Jj^ 4JjIaL») 4j^jJ ^-!b &£■ »j^ * -v *'' t t -1 
Y(x) = Y(-x) 

:(X = 0.0) &■ ^J^ ^11^ ^ (y-afli -2 



atx = o.o, G(^) = ^.e = 



71 yj7T 

J^alij <_£QJVI 4.LIJ jjjaalj t(4jj_uil ^La^l Lfjfl jJu ^1 5JaHJl ^ cjMIJVI 5JaiJ) ujMSJI <_jjlalj 4j ^'"--'l _2 
:jjjj^» 5jjbu*Jl JualiJ Uuabj *-£dJ^I ^^aSJ efcusuij .l$J 4±ili*]| G(s) ^-^ tA" J'^""*' ' CJ U ' 1 "" 4jjL*-4 ^i <ajU| 

dx dx vtt 



4 71 "471 



-2ft 3 



.(X * e~ h2 - x2 * -2/j 2 .X + e~ h2 - x2 * 1) = o.o 



-h 2 .X 2 *ti.2 v „-/i 2 .X 2 * 



X*e" n A *2fr.X=e~ 



2/i 2 .X 2 =l 



^ ' 



h.V2 



and that point is corresponding to Y = — := £ h ^ 2 



" £* 



.71 

h 



1= (+oo) ^aAJ ul\ (_oo) <UalJ £y* uW\i\\\ u&j AaIula}! -4 
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Precision and Accuracy 

:^IjJ! Jli*il J>*J (Precision & Accuracy) Cm <jjj*Jl <-^j»^ 
r^tiilS ejLuajl CJJlia (75° 12^ 40") £"t* Vl«2*l cjj&I 1^1*jS 4jjI j o4i 6' o**£ Jlji 



70° 12' 41" 


70° 12' 40.5" 


70° IT 39" 


70° IT 42" 


70° IT 39.5" 


70° 12' 40" 


70° IT 41.5" 


70° 12' 39.5" 


70° 12' 40" 


70° \T 41" 



.(Precise but not Accurate) ^^ lPj Jl^jSfl a Ja <^la ^^IjIIjj tSjj^a^l kia&U AiLiaJl 3**iill £e 
Precision: 

.(jiasull l^uaajj LgJaLujI Cjj& £>* J^jVI AiJ 1$j (jjjijj 

Accuracy: 

: ^yJUilLS CJlgjAa-a A*jji ^1 4ijJl Cjj& j^j jUajVI uLjxj <j^J 

:u«Jfl! 

Precise but not Accurate 
Accurate but not Precise 

• cij^Jl <j^» AjujSj (jiaxjJl Ifl-uau <j^» 4_uj£ (j^U^jJl CJlilL -3 

Precise and Accurate 

• (_aj£JI £p »Jj*jj (jiaxjJl Ifl-uau <jfr »Jj*j <j^L^jJ| cjIHL -4 

Not Accurate and Not Precise 
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Precise but not Accurate 





Precise and Accurate 




Accurate not Precise 



Not Accurate & Not Precise 



Coefficient of Coronation (C c ) 

5>y 



c = 



2> 2 -I^ 



Variances and co-variances 

Co-variance: 

dill, ^ijll jj^ jj^J^ (j^ Aii(jdl tt. ^-ijj (_gijl jA 

Variance J' 4iji^« o^^ 



Co-variance -II AijL^* u^lj^. 

(oXaC-iU 4.1 jl i n a i aja. ^Ih Aj«J^a 2»ja, ^^11 _1 

j° a (_£ aLuJJ V lA^A^jQ ^J1 <_£l ,_J >*■*= (J" a >-$-! ^J fl >-"*" _2 

■ IS '"j'^l J Uj^- AjjLola J. ^il JjlII (^l-Jj iLojb A±i.j^ i "j'^l J*~°" J i »-il V- -3 
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:(Varianc) 02^ J^ cjl%iaj 



H = L . tan (9 ) 



-> ± a e 
L -> L ± a L 

H = L . tan (0 ) 



Oh , <3l , ae 




:ts Jl3ll£ ^ jUJl Uii 



J^ 



L 



(jjiLI ~j 



(J (jj^J laSi AJajjjiall -joll - 1 Aa " I J J Uj^f "" 4 <\ft '.'"'"*■ J -2 



^an^ 



v ai y 






(o-hJ = — K) + — -KJ 



v a# y 



: Scaling i^l^jSl ^jj -4 

^jjl^ll JJ^jII J] Mjj^ <-£ Jj^J (^'jjj J'j^) <slia-a illl.la.jil Cljl£ lil 



° e -^ G e 



180 



(ch — > H ± an) C7h is^- J ^v* 4bl*Jl ^J (j^j*j 
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